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(67)  Aphase-change memory block (1), comprising:
a semiconductor body (102) housing a selection transis-
tor (15); a electrical-insulation body (112, 121) on the
semiconductor body (102); a conductive region (11), ex-
tending through the electrical-insulation body (112, 121),
electrically coupled to the selection transistor (15); a plu-
rality of heater elements (34) in the electrical-insulation
body (112, 121), each including a first end in electrical
contact with a respective portion of the conductive region
(11) and a second end that extends away from the con-
ductive region (11); and a plurality of phase-change da-
ta-storage regions (50) extending in the electrical-insu-
lation body (112, 121), each being electrically and ther-
mally coupled to one respective heater element (34) at
the second end of the respective heater element (34).
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Description

[0001] The present invention relates to a phase-
change memory (PCM) block, a phase-change memory
including a plurality of PCM blocks, a method for manu-
facturing the PCM block and methods for programming
and reading the PCM block. In particular, the PCM block
is of a physical multilevel type.

[0002] As is known, phase-change memories use a
class of materials having the property of switching be-
tween two phases having distinct electrical characteris-
tics, associated to two different crystallographic struc-
tures of the material, and precisely a non-orderly amor-
phous phase and an orderly crystalline or polycrystalline
phase. The two phases are thus associated to values of
resistivity that differ considerably from one another, even
by two or more orders of magnitude.

[0003] Currently, the elements of Group XVI of the pe-
riodic table, such as for example Te or Se, also known
as chalcogenide materials or chalcogenides, may be
used in phase-change memory cells. As is known, for
example, from P. Zuliani, et al., "Overcoming Tempera-
ture Limitations in Phase Change Memories With Opti-
mized GexSbyTez", IEEE Transactions on Electron De-
vices, Volume 60, Issue 12, pages 4020-4026, Nov. 1,
2013, itis possible to use alloys of Ge, Sb, and Te (Ge,-
SbyTeZ, for example Ge,Sb,Tes) optimised by appropri-
ately choosing the percentages of the elements that form
said alloys.

[0004] The temperature at which phase transition oc-
curs depends upon the phase-change material used. In
the case of Ge,Sb,Tes alloy, for example, below 150°C
both the amorphous phase and the crystalline phase are
stable. If the temperature is increased beyond 200°C,
there is noted a fast re-arrangement of the crystals, and
the material becomes crystalline. To bring the chalcoge-
nide into the amorphous state, it is necessary to increase
further the temperature up to melting point (approximate-
ly 600°C) and then cool it rapidly.

[0005] Numerous memories are known that exploit
phase-change materials as elements for storage of the
two stable states (amorphous and crystalline states),
which may each be associated to a respective bit at "1"
or at"0". In these memories, a plurality of memory cells
are arranged in rows and columns to form an array. Each
memory cellis coupled to a respective selection element,
which may be implemented by any switching device,
such as PN diodes, bipolar junction transistors, or MOS
transistors, and typically includes a chalcogenide region
in contact with a resistive contact, also known as heater.
A storage element is formed in a contact area between
the chalcogenide region and the heater. The heater is
connected to a conduction terminal of the selection ele-
ment.

[0006] From anelectrical standpoint, the crystallization
temperature and the melting temperature are obtained
by causing flow of an electric current through the resistive
contact that extends in direct contact with or is function-
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ally coupled to the chalcogenide material, thus heating
it by the Joule effect.

[0007] According to the prior art, various processes of
production of phase-change memory cells are known,
which, however, present some disadvantages and limi-
tations. In particular, in PCM of know type, each storage
element is typically configured to store one bit only. To
overcome this limitation, multilevel storage elements
have been proposed, wherein one cell can be pro-
grammed according to more than two resistance values,
so that a respective plurality of information can be stored
in the cell. The plurality of resistance values can be
achieved by using controlled writing pulses that can set
intermediate resistance states between the "SET" state
and the "RESET" state.

[0008] The stability of the intermediate levels of the
resistance is a critical aspect due to the drift in resistance
values in time and temperature.

[0009] There is thus felt the need to provide a phase-
change memory (PCM) block, a phase-change memory
including a plurality of PCM blocks, a method for manu-
facturing the PCM block and methods for programming
and reading the PCM block, that meet the need identified
above.

[0010] Patent document US2010/259962 relates to
structure, use and making of re-programmable non-vol-
atile memory cell arrays, and, more specifically, to three-
dimensional arrays of memory storage elements formed
on semiconductor substrates.

[0011] Patent document US2010/270593 relates to
high density memory devices, and particularly to memory
devices in which multiple planes of memory cells are ar-
ranged to provide a three-dimensional 3D array.

[0012] Patent document US2013/170283 relates to
technology for non-volatile storage.

[0013] However, the above-mentioned drawbacks are
not overcome.
[0014] According to the present invention, a phase-

change memory (PCM) block, a phase-change memory
including a plurality of PCM blocks, a method for manu-
facturing the PCM block and methods for programming
and reading the PCM block are consequently provided,
as defined in the annexed claims.

[0015] Forabetter understanding of the presentinven-
tion, preferred embodiments thereof are now described,
purely by way of non-limiting example and with reference
to the attached drawings, wherein:

- Figures 1A and 1B show respective views of a PCM
block according to the present invention;

- Figure 1C shows a PCM memory including a plurality
of PCM blocks of Figure 1B;

- Figure 2 is a schematic electrical representation of
the PCM block of Figure 1B;

- Figure 3 sows SET and RESET pulses to be applied
to a PCM cell in order to program the PCM cell in
respective logic states;

- Figures 4A, 4B show schematically a circuit repre-
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sentation of one PCM block of Figure 1A, with an
exemplary biasing scheme for programming the
PCM block;

- Figures 5A, 5B show schematically a circuit repre-
sentation of a PCM memory of Figure 1C including
a plurality of PCM blocks, with an exemplary biasing
scheme method for programming the PCM memory;

- Figure 6 shows schematically a circuit representa-
tion of one PCM block of Figure 1A, with an exem-
plary biasing scheme for reading the PCM block;

- Figures 7-11 show subsequent method steps to
manufacture a PCM block of Figure 1A;

- Figure 12 schematically shows a system that in-
cludes one or more PCM blocks of Figure 1A or 1B,
or a PCM memory of Figure 1C; and

- Figure 13 is a further embodiment of a PCM block.

[0016] Figure 1Aillustrates a portion of a PCM memory
(in the following referred to as "PCM block" 1) in a triaxial
system of mutually orthogonal axes X, Y, Z. Figure 1B
shows the PCM block 1 of Figure 1A in the XZ plane.
Figure 1C shows a portion 1’ of a PCM memory including
a plurality of PCM blocks 1.

[0017] The PCM block 1 is manufactured by process-
ing a substrate of a silicon wafer through front-end
processing steps, in particular manufacturing steps of a
CMOS process. In particular, formed in the substrate are
insulation regions (notillustrated in Figure 1A), which de-
limit active areas. Formed (e.g., by implants of dopant
species) in the active areas are drain regions, source
regions, and gate regions of respective MOS transistors
15.

[0018] The PCM block 1 further includes a plurality of
contacts 11 (e.g., of tungsten) having the function of elec-
trical contacts with the aforementioned MOS transistors
15. Each contact 11 extends with electrical continuity in
the direction of the Z axis. The MOS transistors 15 are
also referred to as selection transistors, operable to ad-
dress, during use, memory cells of PCM block 1.
[0019] With reference to Figure 1A, the contacts 11
extend, in one embodiment, in the form of pillars.
[0020] A plurality of phase-change material elements
(in what follows, "PCM element") 50, for example a chal-
cogenide such as a GST (Ge-Sb-Te) compound, in par-
ticular Ge,Sb,Teg extend in a strip-like form along a re-
spective direction parallel to the Y-axis; each PCM ele-
ment 50 is thermally and electrically separated (or iso-
lated) from the other PCM elements 50.

[0021] A plurality of resistive regions 34 (i.e., heaters,
having the function of locally heating the PCM element
50 for triggering a selective phase-change of the heated
portion) are further present. With reference to Figure 1B,
a plurality of resistive regions 34 extend laterally to each
contact 11. Considering one contact 11, each resistive
region 34 of such plurality of resistive regions 34 arranged
laterally to the considered contact 11, has one end elec-
trically coupled to that contact 11 and the other end elec-
trically and thermally coupled to a portion of the PCM
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element 50 designed to store alogicdatum (i.e., designed
to undergo a phase-change of SET or RESET type). In
other words, a plurality (two or more) of resistive regions
34 are electrically coupled to each contact 11. More in
particular, for each contact 11, the resistive regions 34
are coupled between that contact 11 and a respective
PCM element 50.

[0022] Figure 2 is a schematic electrical illustration of
Figure 1B (showing one column 11 to which resistive
regions 34 and PCM elements 50 are coupled). With fur-
therreference to Figure 2, one end of each of the resistive
regions 34 is in electrical contact with a respective portion
of one contact 11; the other end of each resistive region
34 is electrically coupled to an electrical terminal of a
respective control switch M1, M2, ..., MN (switches are
not shown in Figures 1A-1C) through a portion of the
phase-change material (PCM element 50). The other
electrical terminal of each control switch M1-MN is con-
nected to a biasing voltage Vpp. (Each control switch
M1-MN is, for example, a MOS transistor and the elec-
trical terminals are source and drain terminals. The gate
terminal of each control switch M1-MN can be biased by
a respective control signal Vb1-VbN provided by a re-
spective control line, to turn on/off the respective control
switch M1-MN.

[0023] The portion of the PCM element 50 directly cou-
pled to one respective resistive region 34, and such re-
sistive region 34, form a PCM cell, which can be pro-
grammed (in logic states known as SET and RESET)
and read to write and, respectively, acquire a logic datum
stored in the phase-change memory element.

[0024] During a writing (programming) operation, by
activating (i.e., turning on) a control switch M1, M2, ...,
MN and the selector transistor 15 to which the respective
contact 11 is coupled, an electrical current flows through
the PCM cell, to cause the respective resistive region 34
to generate heat by Joule effect. During use, to program
a SET or RESET state of the memory element, the PCM
cell is biased at a writing voltage by applying a voltage
Vpp across it. The PCM element 50 is coupled to each
resistive region 34 in a per se known way, to receive the
heat generated through Joule effect by the resistive re-
gion 34.

[0025] The electrical resistance of the contact 11 (in
the range of few Q, or few tens of Q) is negligible with
respect to the resistance of the resistive region (heater)
34 (in the range of some k(, or few tens of kQ2). Accord-
ingly, the programming voltage drops almost completely
across the resistive region 34.

[0026] With reference to Figure 3, SET and RESET
pulses are shown; during a time interval T1 a RESET
pulse is generated, that is an electric pulse adapted to
program the addressed PCM cells in the logic state "0".
Similarly, during a time interval T2, a SET pulse is gen-
erated, that is an electric pulse adapted to program the
addressed PCM cells in the logic state "1". The SET and
RESET pulses are known to have different shapes both
in terms of duration in time and in maximum voltage/cur-
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rent values. In particular, the RESET voltage pulse has
aduration T1 lower than the duration T2 of the SET pulse;
however, the maximum voltage value V1 (or correspond-
ing current value) needed for the RESET pulse is higher
than the maximum voltage value V2 (or corresponding
current value) needed for the SET pulse. In the present
description, the voltage value to be applied to the PCM
element 50 to program the RESET state is considered
to be V1=3V; the voltage value to be applied to the PCM
element 50 to program the SET state is considered to be
VV2=2V; the voltage value to be applied to the PCM ele-
ment 50 not to change the already programmed state is
considered to be V3<1V (equal to 0.6V during a reading
operation). Itis apparentthat these values are not limiting
the present invention, and are used in the following dis-
closure for merely improving the understanding of the
present invention. Of course, other voltage values can
be used depending upon the specific design of the mem-
ory, the phase-change material used, etc. In general
terms, provided that V1=Vreset according to the technol-
ogy and design parametrs, V2 is chosen equal to 2/3-Vre-
set and V3 is chosen lower than, or equal to, 1/3-Vreset
(in any case, lower than the "RESET" threshold).
[0027] Writing or programming operations of the PCM
block 1 and PCM memory 1’ are described with reference
to Figures 4A, 4B and 5A, 5B. Figures 4A, 4B show a
simplified electrical representation of one PCM block 1
of the PCM memory 1’; Figures 5A, 5B show a simplified
electrical representation of a plurality of PCM blocks 1.
[0028] In figures 4A, 4B and 5A, 5B, each line r1-r3
corresponds to a respective stripe of PCM element 50 to
be biased, and each line c1-c3 corresponds to the biasing
lines used to bias the gate terminals of selection transis-
tors 15 belonging to different PCM blocks 1 and aligned
along the X-axis. For ease of representation, Figures 4A,
4B and 5A, 5B show only three lines r1-r3 and three lines
c1-c3; it is apparent that the teaching applies to any
number of lines.

[0029] PCM cells are connected between lines r1-r3
and lines ¢1-c3, forming a matrix. To program the PCM
cells, the present invention foresees a double writing
step.

[0030] Figures4A and 5A show the voltage distribution
during a first writing step aimed at writing (i.e., program)
the PCM cells connected to the same line r2. During this
operation, all the cells in the addressed line r2 are written
to the "RESET" or "0" state (i.e., by applying a pulse of
V1=3V across them), irrespective of whether such PCM
cells are to be programmed at the RESET state or the
SET state. To this end, line r2 is biased at a reference
voltage of OV (e.g., ground), while lines r1 and r3 are
biased at V1=3V. In order to have the required voltage
drop across the PCM cell to be programmed, all lines ¢1-
c3 are biased at V1=3V. Therefore, only the PCM cells
coupled to r2 undergoes a voltage drop of 3V, while the
PCM cells coupled to r1 and r3 undergoes a voltage drop
of 0V. Consequently, the PCM cell coupled between r2
and c1-c3 are all programmed at the RESET state, while
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the remaining PCM cells retain their current state.
[0031] In a second writing step, Figures 4B and 5B,
carried out after the first writing step, the SET pulse is
applied selectively to those PCM cells coupled to the line
r2 that are to be programmed at the SET state, while
maintaining unaltered the already programmed RESET
state in those PCM cells that are to be programmed at
the RESET state. To this end, line r2 is biased at the
reference potential of OV, while lines r1 and r3 are biased
at an intermediate voltage of 1V.

[0032] Itis supposed in this example that only the PCM
cell coupled between r2 and c1 is to be programmed at
the SET state. Therefore, line c1 is biased at V2=2V, so
that the voltage drop across the PCM cell coupled be-
tween r2 and c1 is V2=2V, and the PCM cell is pro-
grammed at the SET state.

[0033] Lines c2 and c3 are biased at the intermediate
voltage of 1V, so that the voltage drop across all the other
PCMcellsis 0V or 1V and, in any case, in a voltage range
that do not alter the already programmed state of such
cells. In this situation, a spurious power consumption ex-
ists, but is the limited to the size of the PCM block 1
considered.

[0034] With specific reference to Figures 5A and 5B,
it can be appreciated that the required voltage values for
the columns 11 can be obtained by biasing the gate ter-
minals of the selection transistors 15 using lines c1-c3
and use the threshold voltage drop to have the required
voltage on the respective contacts 11. The gate terminals
are, in this example, biased at 4V and, with a threshold
supposed to be equal to 1V, one can have V1=3V on the
respective contact 11. It is noted, as represented in Fig-
ures 5A and 5B, that the other PCB block that are not
currently programmed are not stressed (all their lines are
biased at 0V).

[0035] Figure 6 shows graphically a possible reading
scheme, according to a schematic representation of a
PCM memory having a matrix-like arrangement of rows
and columns, and PCM cells coupled between such rows
and columns. Only the addressed PCM cells are read,
while all the others are not stressed, i.e. voltage applied
to the PCM cells not to be read is zero.

[0036] Line r2, to which the PCM cells to be read are
coupled, is biased at reference voltage of 0V, while all
other lines r1 and r3 are biased at V3=0.6V. All lines c1-
c3 are biased at V3=0.6V. Therefore, a voltage drop of
V3=0.6V is applied only across the PCM cells coupled
between line r2 and lines c¢1-c3; the remaining PCM cells
are subject to a null voltage drop. Itis therefore apparent
that during the reading operations there is no spurious
currentconsumption. The actual reading operationis per-
formed through sense amplifiers 16, in a per se known
way. Sense amplifiers 16 carry out reading of the data
stored in the PCM cells, comparing the current that flows
in the PCM cell selected (or an electrical quantity corre-
lated thereto) with a reference current that flows in a ref-
erence cell (so-called double-ended reading) or else with
areference current supplied by a reference-current gen-
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erator (so-called single-ended reading).

[0037] Itis noted that each line c1-c3 and r1-r3 is con-
nected to a respective transistor the connects / discon-
nects such line to / from the biasing voltage. In practice
all of these transistors are not equivalent in term of size
(they are designed according to the maximum volt-
age/current they must sustain during use). To perform
the write operation, a current is needed to flow through
the transistors associated to the lines r1-r3, thus imple-
menting a write operation "by row" and allowing the cor-
responding transistors to sink only the current related to
the single PCM cell to be written. During reading, the
sense amplifiers 16 should not be connected "by row",
because, as shown in Figure 6, line r2 "sees" the total
current of all PCM cells connected to it. Taking the above
into account, a solution is to write "by row" and read "by
column", that is to say connect the sense amplifiers 16
to the lines c1-c3 during reading operations, to read the
current flowing through the line r2, which is the only line
selected for reading. Since the matrix shown in Figure 6
is symmetric, the comparators may be connected to the
lines r1-r3 as well, to perform the reading operation. Fig-
ures 5A and 5B shown a 3D representation of the matrix;
in this case, the comparators must be connected to the
lines r1-r3 to perform a reading operation. In any case,
it is noted that the currently known method for reading a
PCM memory can be applied analogously to the PCM
memory according to the present application.

[0038] With reference to Figures 7-11, a method for
manufacturing the PCM memory 1’ is disclosed, accord-
ing to an embodiment of the present invention.

[0039] With reference to Figure 7, a wafer 100 is pro-
vided, including a semiconductor body 102 (including a
substrate and, optionally, one or more epitaxial layers on
the substrate, for example of silicon). By known tech-
niques, for example belonging to a standard CMOS proc-
ess, a plurality of selection transistors 15 are formed in
the semiconductor body 102. The selection transistors
15 defines active areas of semiconductor body 102. A
dielectric or insulating layer 104 is formed over the sem-
iconductor body 102, e.g. by growing or depositing silicon
oxide or silicon nitride.

[0040] Through a lithographic step, trenches are
formed within the dielectric layer 104, reaching and ex-
posing the conductive terminals of the selection transis-
tors 15. A conductive material (e.g., metal) is deposited
within the trenches thus forming respective local inter-
connection lines, LIL, or plugs 106 that are in electrical
contact with the selection transistors 15 (in particular with
a conductive terminal, such as the drain terminal) of the
selection transistors 15. The plugs 106 connect the se-
lection transistors 15 to further conductive layers that will
be formed above the dielectric layer 104 (such as the
contacts 11) .

[0041] Then, Figure 8, steps are carried out to form the
resistive regions 34 (heaters) and the PCM elements 50.
To this end, a step of deposition a resistive layer, for
example doped titanium nitride (doped-TiN), is carried
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out on the dielectric layer 104 and the plugs 106. This
step is followed by formation, in a per se known manner,
of a layer of phase-change material, for example by de-
positing a chalcogenide, such as a GST (Ge-Sb-Te) com-
pound, e.g., Ge,Sb,Tes. Other phase-change materials
may be used. Formation of the PCM layer is carried out
over the resistive layer.

[0042] The resistive layer and the PCM layer thus
formed are patterned, e.g. through lithography and etch-
ing, to form a stack including the resistive region 34 and
the PCM element 50 previously described, having a
shape and an extension according to the design of the
PCM memory 1'. It is noted that the PM element 50 is a
continuous strip along Y-axis, while the resistive regions
34 extend at selective regions of the PCM element 50,
i.e. at the regions of the PCM element 50 that are de-
signed to form a memory cell. Between one resistive re-
gion 34 and another resistive region 34, along the Y-axis
extension of the PM element 50, dielectric or insulating
material can be deposited.

[0043] A protective layer 110, e.g. of silicon nitride, is
formed on the resistive region 34 and the PCM element
50. The protective layer 110 may also extend over the
dielectric layer 104 and the portions of the plugs 106 not
covered by the resistive layer 34.

[0044] Then, Figure 9, a further dielectric or insulating
layer 112 is formed (e.g., deposited) over the resistive
region 34, the PCM element 50, the protective layer 110,
the dielectric layer 104 and the plugs 106. A CMP
("Chemical-Mechanical-Polishing") step on the is dielec-
tric layer 112 carried out. Trenches are opened through
the dielectric layer 112 and the protective layer 110,
reaching a region of the plugs 106 lateral to the stack
formed by the resistive region 34 and the PM layer 50.
The trenches are then filled with conductive material, in
particular metal, more in particular tungsten. Plugs 116
extending entirely through the dielectric layer 112, in
electrical contact with respective plugs 106 are thus
formed.

[0045] Then, Figure 10, a step is carried out to deposit
and pattern a metal layer 118 over the dielectric layer
112. The metal layer 118 is patterned in such a way to
define a plurality of local interconnections 118’, each of
them being electrically connected to one respective plug
116.

[0046] The structure of Figure 10 (with the exception
of the formation of transistors 15 and plugs 106) is then
replicated, as shown in Figure 11.

[0047] With reference to Figure 11, the steps previous-
ly described are repeated in order to form further stacks
of resistive regions 34 and PCM elements 50 and further
plugs 120 (analogous to plugs 116 previously described)
above the local interconnections 118’ and in electrical
contact with respective local interconnections 118’. A di-
electric or insulating layer 121 is formed analogously to
the dielectriclayer 112 and further metalinterconnections
122 (analogous to metal interconnections 118’) are
formed on the dielectric layer 121.
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[0048] In particular, the stack identified with reference
numeral 128 in Figure 11, including the plug 106 extend-
ing in electrical contact with one selection transistor 15,
the plug 116 extending in electrical contact with such plug
106, the metal interconnection 118’ extending in electri-
cal contact with such plug 116, the further plug 120 and
the further metal interconnection 122 extending in elec-
trical contact with such further plug 120 form (at least in
part) one contact 11 previously described. A plurality over
PCM elements 50, each one including the respective
heaters 34, extend one above the other along the Z-axis
and are electrically connected to the same stack 128
(contact 11), as in the embodiments of Figures 1A-1C.
[0049] The steps of Figure 11 can be replicated as
many time as desired, according to the design of the PCM
memory 1’

[0050] Figure 12 illustrates a portion of a system 200
that may be implemented in various devices, such as for
example PDAs, portable computers, phones, photo-
graphic cameras, video cameras, etc. The system 200
may include one or more among a controller 210 (e.g.,
a microprocessor), an input/output device 220, for exam-
ple a keypad and a display, a chip housing in an integrat-
ed form the PCM memory 1’, a wireless interface 240,
and a random-access memory (RAM) 260, connected
together by a bus system 250. According to one embod-
iment, the system 200 may be supplied by a battery 280,
or alternatively by a mains supply source. It is clear that
the scope of the present disclosure is not limited to em-
bodiments comprising all the components of Figure 12.
For example, one or more from among the random-ac-
cess memory (RAM) 260, the wireless interface 240, the
battery 280, and the input/output device 220 may be omit-
ted.

[0051] The advantages of the present disclosure
emerge clearly from the foregoing description.

[0052] Forexample, the area/bit ofa PCM memory ac-
cording to the present invention is considerably reduced
with respect to known PCM memories. The increase of
the level also increases the area gain depending of the
number of the cells stacked.

[0053] Finally, it is clear that modifications and varia-
tions may be made to what has been described and il-
lustrated herein, without thereby departing from the
scope of the presentinvention, as defined in the annexed
claims.

[0054] Forexample, Figure 13 shownaPCM block 300
according to a further embodiment of the present inven-
tion. Elements of the PCM block 300 common to the PCM
block 1 of Figure 1B are identified with the same refer-
ence numerals. As shown in Figure 13, further resistive
regions (heaters) 34’ extend away from the contact 11
at a side of the contact 11 opposite to the side facing the
resistive regions 34. Resistive regions 34’ have charac-
teristics analogous to the resistive regions 34, and are
manufactured accordingly during the same process
steps, in a way that is per se apparent to the skilled per-
son. PCM elements 50 are electrically and thermally cou-
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pled to the resistive regions 34’, analogously to PCM el-
ements 50. The functioning of the PCM block 300 is the
same as that of PCM block 1 and is therefore not further
described.

Claims

1. A phase-change memory, PCM, block (1), compris-
ing:

a semiconductor body (102) housing a selection
transistor (15);

a electrical-insulation body (112, 121) on the
semiconductor body (102);

a conductive region (11), extending through the
electrical-insulation body (112, 121), electrically
coupled to the selection transistor (15);

a plurality of heater elements (34) in the electri-
cal-insulation body (112, 121), each including a
first end in electrical contact with a respective
portion of the conductive region (11) and a sec-
ond end that extends away from the conductive
region (11); and

a plurality of phase-change elements (50) ex-
tending in the electrical-insulation body (112,
121) and including data storage regions, each
data storage region being electrically and ther-
mally coupled to one respective heater element
(34) at the second end of the respective heater
element (34).

2. The PCM block according to claim 1, wherein said
electrical-insulation body (112, 121) includes a plu-
rality of overlying electrical-insulation layers (112,
121), each heater element (34) and the associated
data-storage region (50) extending in a respective
one of said electrical-insulation layers (112; 121).

3. The PCM block according to claim 2, wherein said
conductive region (11) includes a plurality of electri-
cally interconnected plugs (116, 120), each plug ex-
tending in a respective one of said electrical-insula-
tion layers (112; 121) .

4. The PCM block according to claim 2 or 3, wherein
said plurality of electrical-insulation layers (112; 121)
includes one or more stacks of overlying electrical-
insulation layers (112; 121), each stack including a
respective first electrical-insulation layer (121) on a
respective second electrical-insulation layer (112),

and wherein for each stack a respective inter-
connection conductive line (118’) extends be-
tween said first (112) and second (121) electri-
cal-insulation layers,

the interconnection conductive line (118’) being
electrically connected to the plug extending in
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said first electrical-insulation layer (112) and to
the plug extending in said second electrical-in-
sulation layer (121) thus forming a conductive
path between the first and the second electrical-
insulation layers (112, 121).

The PCM block according to claim 4, wherein said
interconnection conductive line (118’) is further elec-
trically connected to the heater element (34) extend-
ing in the first electrical-insulation layer (121).

The PCM block according to anyone of the preceding
claims, wherein each heater element (34) and the
data-storage region (50) coupled to it are covered
by a sealing layer (110) of dielectric or insulating ma-
terial.

The PCM block according to anyone of the preceding
claims, wherein said heater elements (34) are
aligned to one another along a vertical direction (Z)
orthogonal to a plane of lie (XY) of said substrate
(102).

The PCM block according to anyone of the preceding
claims, wherein the conductive region (11) has a
main extension along a first direction (Z) orthogonal
to a plane of lie (XY) of the substrate (102), each
heater element (34) being arranged laterally to the
conductive region (11).

The PCM block according to any one of the preced-
ing claims, further comprising a plurality of switching
transistors (M1-MN), each one having an own first
conduction terminal coupled to one respective
phase-change element (50), an own second conduc-
tion terminal coupled to a bias potential (Vpp) and
an own control terminal,

wherein the selection transistor (15) includes an
own first conduction terminal coupled to the con-
ductive region (11), an own second conduction
terminal coupled to a reference-potential (GND),
and an own control terminal,

the control terminals of the selection transistor
(15) and of the switching transistors (M1-MN)
being operable to selectively connect one re-
spective heater element (34) and the associated
phase-change element (50) between the refer-
ence-potential (GND) and the bias potential

(Vbp)-

The PCM block according to any one of the preced-
ing claims, wherein the conductive region (11) has
avalue of electrical resistance negligible with respect
to the electrical resistance of each heater element
(34).
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PCM blocks (1) according to anyone of claims 1-10.

12. A chip comprising:

- one or more PCM blocks (1) according to an-
yone of claims 1-10;
- a biasing circuitry comprising:

aprogramming stage including voltage gen-
erators configured to cause a SET or RE-
SET programming current to flow through
selected heater elements (34) to generate
heath by Joule effect, so as to cause a con-
trolled phase-transition of the associated
data-storage region ofthe phase-change el-
ement (50);

areading stage including a plurality of sense
amplifiers (16), each coupled to one respec-
tive data-storage region (50) to read a cur-
rent flowing through the respective data-
storage region (50) during a read operation
of the PCM block (1).

13. A system (200) comprising:

a processing unit (210); and one among:

at least one PCM block (1) according to anyone
of claims 1-10;

a phase-change memory (1’) according to claim
11;

a chip according to claim 12.

14. A method of manufacturing a phase-change mem-

ory, PCM, block (1), comprising the steps of:

forming, in a semiconductor body (102), a se-
lection transistor (15);

forming an electrical-insulation body (112, 121)
on the semiconductor body (102);

forming a conductive region (11) through the
electrical-insulation body (112, 121), electrically
coupled to the selection transistor (15);
forming a plurality of heater elements (34) in the
electrical-insulation body (112, 121), each in-
cluding a first end in electrical contact with a re-
spective portion of the conductive region (11)
and a second end that extends away from the
conductive region (11); and

forming a plurality of phase-change elements
(50) extending in the electrical-insulation body
(112, 121) and including data-storage regions,
each data-storage region being electrically and
thermally coupled to one respective heater ele-
ment (34) at the second end of the respective
heater element (34).

15. The method according to claim 14, wherein forming

said electrical-insulation body (112, 121) includes
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forming a plurality of overlying electrical-insulation
layers (112, 121), and wherein forming the heater
elements (34) and the data-storage region (50) in-
cludes burying each heater element (34) and the as-
sociated data-storage region (50) in arespective one
of said electrical-insulation layers (112; 121) .

The method according to claim 15, wherein forming
the conductive region (11) includes forming a plug
in arespective one of said electrical-insulation layers
(112; 121) and electrically connecting each of said
plugs to one another.

The method according to claim 15 or 16, wherein
forming said plurality of electrical-insulation layers
(112; 121) includes forming one or more stacks of
overlying electrical-insulation layers (112; 121),
each stack including a respective first electrical-in-
sulation layer (121) on a respective second electri-
cal-insulation layer (112),

the method further comprising forming, for each
stack, a respective interconnection conductive
line (118’) between said first (112) and second
(121) electrical-insulation layers,

the interconnection conductive line (118’) being
formed in electrical connection with the plug ex-
tending in said first electrical-insulation layer
(112) and with the plug extending in said second
electrical-insulation layer (121) thus forming a
conductive path between the first and the sec-
ond electrical-insulation layers (112, 121).

The method according to claim 17, wherein said in-
terconnection conductive line (118’) is further elec-
trically connected to the heater element (34) extend-
ing in the first electrical-insulation layer (121).

The method according to anyone of claims 14-18,
further comprising the step of forming a sealing layer
(110) of dielectric or insulating material covering a
respective heater element (34) and data-storage re-
gion (50) coupled to that heater element (34).

The method according to anyone of claims 14-19,
wherein said heater elements (34) are formed
aligned to one another along a vertical direction (Z)
orthogonal to a plane of lie (XY) of said substrate
(102).

The method according to anyone of claims 14-20,
wherein the conductive region (11) is formed with a
main extension along a first direction (Z) orthogonal
to a plane of lie (XY) of the substrate (102), each
heater element (34) being formed laterally to the con-
ductive region (11).

A method for programming a phase-change memory
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(1’), said phase-change memory device (1) compris-
ing:

at least one row line (r2);

a plurality of column line (c1-c3);

a plurality of phase-change memory cells, each
of them being coupled between the row line (r2)
and one respective column line (c1-c3);

the method comprising the steps of:

in a first operating condition associated with
a first time interval (T1), applying a RESET
programming voltage to the plurality of
phase-change memory cells, thus program-
ming said plurality of phase-change mem-
ory cells to a first logic state; and

in a second operating condition associated
with a second time interval (T2) that is sub-
sequent to the first time interval (T1), apply-
ing a SET programming voltage to selected
phase-change memory cells among said
plurality of phase-change memory cells,
thus programming said selected phase-
change memory cells to a second logic
state,

wherein the maximum voltage value of the
RESET programming voltage is higher than
that of the SET programming voltage.

23. A method for reading a phase-change memory (1°),

said phase-change memory device (1) comprising:

a plurality of row lines (r1-r3);

a plurality of column line (c1-c3);

a plurality of phase-change memory cells, each
of them being coupled between the row line (r2)
and one respective column line (c1-c3);

the method comprising the steps of:

bias one row line to which a phase-change
memory cell to be read is connected, among
said plurality of row lines, at a ground refer-
ence voltage;

bias the remaining row line of said plurality
of row lines at a reading voltage;

bias the plurality of column line (c1-c3) at
said reading voltage;

acquire, through a sense amplifier (16), a
current flowing through the column line (c1-
c3) to which the phase-change memory
cells to be read is connected.
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